Abstract: Pentastomiasis, a zoonotic parasite infection, is typically found in the respiratory tract and viscera of the host, including humans. Here, we report for the first time an extremely rare case of intraosseous pentastomiasis in the human maxilla suffering from medication related osteonecrosis of the jaw (MRONJ). A 55-year-old male had continuously visited the hospital for MRONJ which had primarily developed after bisphosphonate and anti-neoplastic administration for previous bone metastasis of medullary thyroid cancer. Pain, bone exposure, and pus discharge in the right mandible and left maxilla were seen. Osteolysis with maxillary cortical bone perforation at the left buccal vestibule, palate, nasal cavity, and maxillary sinus was observed by radiologic images. A biopsy was done at the left maxilla and through pathological evaluation, a parasite with features of pentastome was revealed within the necrotic bone tissue. Further history taking and laboratory evaluation was done. The parasite was suspected to be infected through maxillary open wounds caused by MRONJ. Awareness of intraosseous pentastomiasis should be emphasized not to be missed behind the MRONJ. Proper evaluation and interpretation for past medical history may lead to correct differential diagnosis and therapeutic intervention for parasite infections.
INTRODUCTION
Pentastomiasis is a blood sucking, zoonotic parasite infection caused by pentastomes belonging to the phylum Pentastomida. Pentastomes acquired its title for 2 pairs of hooks around the mouth making 5 appendages at the head, which were formerly misunderstood all to be mouths [1] . Although reptiles are the most typical hosts, mammals, including humans, are definite and intermediate hosts in the genus Linguatula [1, 2] . Human infections have been reported predominantly in the Middle East, Africa, and Southeast Asia [1] [2] [3] [4] [5] . Infection is caused by intake of contaminated water sources, vegetation, raw meat of infected intermediate hosts, or close contact with secretion of infected dogs or livestock [2, 6, 7] . Pentastomes commonly infect the respiratory system, and human soft tissue infections have been noticed at the lung [8, 9] , nasal cavity [10] [11] [12] , eye [13] [14] [15] , oropharynx [4, 16] , and other viscera [3, 5, 6, 17, 18] . Unlike soft tissue infection, intraosseous pentastomiasis has not been reported yet.
Here, we report for the first time a case of intraosseous pentastomiasis in the human maxilla suffering from medication related osteonecrosis of the jaw (MRONJ).
CASE REPORT
A 55-year-old male had continuously visited the Department of Oral and Maxillofacial Surgery at Yonsei University College of Dentistry for MRONJ which had primarily developed after zoledronic acid and capecitabine administration for previous bone metastasis of medullary thyroid cancer. Pain, bone exposure, and pus discharge in the right mandible and left maxilla first occurred 5 years after discontinuing bisphosphonate and capecitabine administration. At that time, the patient was going through chemotherapy with another antineo-plastic drug, everolimus. Clinical, radiological features of both jaws, and pathological evaluation of the mandible confirmed the diagnosis as MRONJ.
Symptoms of the left maxilla started as chronic apical abscess with tooth mobility in the left premolars. Primary bone exposure with osteonecrosis at the left maxilla was observed after extraction of these teeth in a local clinic. The remaining sockets showed delayed bone healing with pus discharge and incomplete soft tissue covering.
Radiologic examination by CT (Fig. 1A) revealed that there was an irregularly mixed radiolucent/radiopaque area in the left maxilla with discontinuity of the cortical barrier adjacent to the left buccal vestibule, palate, nasal cavity, and maxillary sinus. Mucosal thickening was seen in the left maxillary sinus and nasal cavity. These radiologic features persisted in the additional CT views taken 2 years later (data not shown).
After a year of conservative treatment and another year and a half without periodic follow-up, the patient re-visited the hospital for recurrent bone exposure in the left maxilla with pus discharge. An ill-defined radiolucent/radiopaque lesion with definite alveolar bone loss was seen at the left maxilla on panoramic views (Fig. 1B ). The exposed sequestra were removed and sent for pathological evaluation.
On pathological examinations, the tissue specimen revealed mostly several necrotic bone fragments with surrounding nonspecific bacterial colonies and necrotic soft tissue. The bone fragments had mature calcified matrix and irregular margins without any vital osteoblastic or osteoclastic rimming. The lacunae were empty of osteocytes, indicating bone necrosis.
Pathological features were consistent with MRONJ, and there was no evidence of metastatic medullary thyroid cancer. Interestingly, between the bone fragments, there was a wormshaped organism with several false annuli (pseudosegmentation) along the body and features of a hook or claw-like structure at the broader cephalic-end (Fig. 2) . Focal areas of necrosis were noticed within the parasite. Due to these features, the organism was diagnosed as a pentastome by further evaluation at the Department of Internal Medicine and the Department of Environmental Medical Biology.
By further oral history taking, the patient disclosed that he had been occupied for about 10 years in foreign trade business since his thirties, with local food exposure in the Middle East, Southeast Asia, and Africa. Short subsequent visits every year continued in several countries. There were no specific symptoms at that time. The patient did not have any specific signs or symptoms of other visceral pentastomiasis. The patient had performed periodic whole blood laboratory tests for thyroid cancer treatment, and the results were evaluated. Right before parasite discovery at the Department of Oral and Maxillofacial Surgery, the laboratory results showed eosinophilia (eosinophil count: 507.6/µl). Laboratory antibody screening for other types of parasite infections revealed positive for toxocariasis IgG, and parasiticidal treatments for both pentastomiasis and toxocariasis (albendazole 800 mg/day × 5 days) were prescribed [3] . Since then, periodic follow-up along with supportive care for thyroid cancer is being done. 
DISCUSSION
Pentastomiasis is exceptional in the Republic of Korea with only 1 case of visceral infection reported [8] , in which the patient had an occupational history at the Middle East and Southeast Asia. In our case, the remarkable risk factors for pentastomiasis were history of regular cosmopolitan visits to the Middle East, Africa, and Southeast Asia with local food consumption, and most importantly, MRONJ at the maxilla.
The limitations of this case were that an intact worm specimen was not found during the examination, and the parasite infection was only presented through a few sections of histopathologic images and indirect evidence of eosinophilia. Whether the sectioned parasite and lesion were an active parasitic infection or embedded traces of a previous infection could not be determined. Serologic tests and PCR techniques for pentastomiasis diagnosis is not easily available with only a few reports of PCR diagnosis in certain Armillifer species [6, 17, 19] . One report discussed that the presence of necrotic tissues in PCR hampers the success rate of molecular diagnosis [19] . Thus, histopathological diagnosis is yet mainly required in pentastomiasis [6] . Our case had only a few sections of available parasite tissue with partial necrosis which was not suitable for PCR and was diagnosed mainly by the histopathological evaluation. The patient did not show any specific signs or symptoms of other visceral infections, but since pentastomiasis can be silent, parasiticidal treatment with albendazole [3] was prescribed.
MRONJ, formerly named as BRONJ (bisphosphonate related osteonecrosis of the jaw) [20] , is a clinically obstinate osteonecrotic condition of the jaw characterized by delayed healing, spontaneous bone exposure, pain, inflammation, and/or combined infection [21, 22] . It is a problematic side effect which develops in about 0.1-12% of patients with history of bisphosphonate or antiangiogenic drug administration, and yet the pathogenesis is poorly understood [22, 23] . In addition to the more well-known MRONJ inducer zoledronic acid [24, 25] , there has been a few reports suspected of everolimus induced osteonecrosis [26] [27] [28] . Microorganism infections are frequently related with MRONJ, and the composition varies among studies [21, 29] . They were mainly bacterial or fungal species of the normal oral flora that could easily be contaminated through an open wound in the oral cavity [22, 30] .
Hematogenous migration of pentastome larvae or eggs to the bone may be theoretically possible, as other intraosseous parasites are known to principally infect relatively abundant vascularized sites of the bone, for instance the spine, pelvis, long bone, and major joints [31, 32] . However, with the presence of MRONJ in this case, there is a higher probability of the migrants to have directly entered the maxilla via cortical bone perforation from its original habitat, the respiratory tract, oropharyngeal, or nasal cavity.
This is the first case of intraosseous pentastomiasis, as well as the first case of parasitic infection in MRONJ to be reported. Intraosseous echinococcosis, leishmaniasis, and proliferative sparganosis have been mentioned in other sites besides the jaw with/without pathological fracture or trauma [32] [33] [34] [35] . MRONJ, frequently noticed in the practice of dentistry, is characterized with open wounds prone to infection specifically at the jaw and might create intraosseous chambers of bone marrow infection, including parasitic infection as observed in our case. Intraosseous parasitic infection is uncommon, so routine bone examination during systemic evaluation is not necessary in hosts with known parasite infection. However, if the host has MRONJ, a more detailed examination and pathological evaluation for intraosseous parasitic spread at the jaw might be required. Although the maxillary defect showed fair healing after removal of the parasite, it is difficult to directly associate the clinical symptoms to intraosseous pentastomiasis with limits of a single case and short follow-up duration. Patients suffering from MRONJ may experience constant switches of osteonecrotic and healing stages [22] , making it difficult to judge whether complete treatment of parasite infection was accomplished. If MRONJ is accompanied with specific infections rather than non-specific oral flora, either symptoms of MRONJ or the specific infection (in this case parasitic) may be camouflaged by the other, which may delay proper diagnosis and treatment. Therefore, in cases with prolonged symptoms of MRONJ, further investigation for additional infection sources should be considered.
